Marital status was found to be an independent prognostic factor for survival in various cancer types. In this study, we used the Surveillance, Epidemiology and End Results database to analyze the survival difference among different marital status in the United States. Gastric adenocarcinoma patients from 2004-2012 were enrolled for study. The 5-year cause specific survival (CSS) was our primary endpoint. Totally 29,074 eligible patients were identified. We found that more male patients were married than female. Asian patients had the highest percentages of married than the other races. More married patients were covered by the insurance. Married patients had better 5-year CSS than unmarried, 30.6% vs 25.7%, P < 0.001. The median overall CSS was 17.87 and 13.61 months for the married and unmarried patients, hazard ratio: 1.09 (95% confidence interval: 1.01-1.17), P = 0.027. The survival difference was significant in the insured but not in the uninsured patients. Widowed patients had the worst prognosis compared with other groups even though they had more stage I disease and more well / moderate differentiated tumors. These results indicated that unmarried gastric adenocarcinoma patients were at greater risk of cancer specific mortality. We recommend every patient should have access to best available gastric cancer therapy.
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investigate the relationship between marital status and the survival of gastric cancer patients and they found that unmarried patients were at higher risk of cancer related death 15 . However, the authors mixed the carcinoid tumor/ neuroendocrine, gastrointestinal stromal sarcoma and adenocarcinoma together. In the present study, we would like to focus on the gastric adenocarcinoma, which is the most common histology subtype for gastric malignance diseases. The ratio of male to female was highest in the married group (2.56) while it reversed in the widowed group (0.44). The mean age of patients in the widowed group was significantly higher than in other subgroups. Asian patients had higher percentage of married than other races, and African-American had the lowest. As for the insurance status, we found that more married patients were covered by the insurance and more single patients were uninsured.
Widowed patients had more antrum/pylorus and lesser/greater curvature cancer, more tumors at stage I and well/moderately differentiated tumors. Patients in the married group had more stage II/III diseases. Single patients had more stage IV diseases, more signet ring cell and poorly differentiated tumors.
There is no information of chemotherapy in the SEER database. We only collected the information of surgery and radiotherapy. The percentage of patients who received therapy (surgery or radiotherapy) from stage I to IV was 54.89%, 54.47%, 55.78% and 55.81%, P = 0.438. Similarly, no significant difference was found for patients with different histologic subtype to receive treatment, 55.48% for adenocarcinoma, 54.53% for mucinous adenocarcinoma and 55.02% for signet ring cell carcinoma, P = 0.663. More patients in the married group received surgery with or without radiation than those in the unmarried group.
Survival. In this study, 17197 deaths (59.13%) were observed including 10289 (57.63%) in the married group (N = 17854), 2712 (62.30%) in the widowed group (N = 4353), 2522 (60.93%) in the single group and 1668 (61.14%) in the separated/divorced group. The median survival for the whole population was 16.08 months with a 5-year cause specific survival (CSS) of 28.7% [95% confidence interval (CI): 28.1-29.4%]. The median overall CSS was 17.87 and 13.61 months for the married and unmarried patients, P < 0.001. The 5-year CSS was higher in the married group than in the other groups, 30.6% in married group, 25.3% for the widowed group, 25.4% for the single group and 26.2% for the separated/divorced group, Fig. 1 . Since the survival difference among patients in the widowed, single and separated/divorced groups was small, we combined these three groups into a new group called unmarried. The median survival for patients in unmarried group was 13.61 months and the 5-year CSS was 25.7% (95% CI: 24.7%-26.7%). The survival difference between married and unmarried group was significant, P < 0.001, Fig. 2 . Table 2 patients had a significantly better survival than patients in other race/ethnicity. The 5-year CSS was 40.1% in Asian patients, 26.7% in African-American patients and 26.6% in the Caucasian patients, P < 0.001. We also analyzed the influence of insurance on the survival and found that the 5-year CSS was 8.5% higher in the insured group than uninsured group, 29.9% vs 21.4%, P < 0.001. The 5-year CSS for patients from AJCC 6 th TNM stage I to IV patients was 61.9%, 40.9%, 23.3% and 4.8% respectively, P < 0.001. The median survival for patients in stage I has not yet reached. For patients who received resection, the number of lymph nodes resected also had an effect on the survival. Patients with the number of lymph nodes resected over 3 had a significantly better survival than those with 1-3 lymph nodes resected, 45.7% vs 39.5%, P < 0.001. The survival became poorer as the tumor grade progressed from well to undifferentiated, 58.7% for well differentiated, 39.4% for moderately differentiated, 24.9% for poorly differentiated and 22.4% for undifferentiated tumors, P < 0.001.
Male versus Female.
Since some studies have identified a differential effect of marriage in men versus women, we also made a comparison of the prognostic effect of marital status between male and female. The median survival and 5-year CSS for married male were 18.22 months and 30.8% (95% CI: 29.8-31.8%). For unmarried male, they were 13.08 months and 24.0% (95% CI: 22.6-25.5%), P < 0.001 (Fig. 3a) . For married female, the median survival and 5-year CSS were 17.13 months and 30.0% (95% CI: 28.5-31.5%). They were 14.11 months and 27.30% (95% CI: 25.9-28.7%) for unmarried female, P < 0.001 (Fig. 3b ).
Insurance and Race/Ethnicity. In order to find out potential reasons for the survival disparity between married and unmarried patients, we further explored the effect of insurance and race/ethnicity on the survival. For patients who were covered by the insurance, married patients had a significantly better median survival and 5-year CSS than unmarried patients, which were 18.07 months, 30.8% (95%CI: 29.5-32.1%) and 13.30 months, 24.8% (95% CI: 23.2-26.4%), P < 0.001 (Fig. 4a) . While for those uninsured, the marital status had no effect on the survival, which were 11.99 months, 20.9% (95% CI: 15.6-26.7%) and 9.82 months, 18.5% (95% CI: 12.9-24.9%), P = 0.2627 (Fig. 4b) .
The median survival and 5-year CSS for married Caucasian patients were 15.69 months and 27.2% (95% CI: 26.2-28.2%). For unmarried Caucasian patients, they were 12.20 months and 23.0% (95% CI: 21.7-24.3%), P < 0.001 (Fig. 5a ). The median survival and 5-year CSS were 16.12 months, 28.7% (95% CI: 25.8-31.6%) for married African-American, and 12.19 months, 22.3% (95% CI: 20.0-24.7%) for unmarried African-American, P = 0.002 (Fig. 5b) . The median survival and 5-year CSS were 28.23 months, 41.1% (95% CI: 37.9-42.3%) and 20.31 months, 32.3% (95% CI: 28.9-35.7%) for married and unmarried Asian patients, respectively, P = 0.0001 (Fig. 5c ).
Multivariate analysis.
Variables showing a trend for association with survival (P < 0.05) were selected in the cox proportional hazards model. Sex, location and insurance status was not independent prognostic factors. Age, marital status, race/ethnicity, TNM stage, number of lymph nodes resected, histologic subtypes and grade were all independent prognostic factors in the multivariable analysis (Table 3) . Compared for married patients, the HR for unmarried patients was 1.09 (95% CI: 1.01-1.17), P = 0.027.
Discussion
We found that unmarried gastric adenocarcinoma patients (including widowed, single and separated/divorced), were at significantly greater risk of cause-specific death than married patients. After adjusting for demographics, stage and histologic subtypes, marital status remained independent prognostic factors. The insurance status reflected the socioeconomic status of patients and was reported to influent the overall survival of gastric cancer patients 21 . According to our result, more married patients were covered by insurance. Moreover, for insured patients, patients who were married had significantly better survival than those unmarried. While, this difference was not significant in uninsured patients. This indicated that insurance and financial status might play the key roles in the survival difference between married and unmarried patients. Moreover, Asian patients had higher percentages of married than other races. Lots of studies showed that the prognosis for cancer was better for Asian than for Caucasian patients [22] [23] [24] [25] . In our present study, we also found that race/ethnicity was an independent prognostic factor in the multivariable analysis. Comparing with Caucasian, there was a 22% decreased of cause-specific death in Asian patients. The survival difference between married and unmarried patients persisted in Caucasian, African-American and Asian patients. Except for the race/ethnicity issue, the earlier stage at presentation may also contribute to the better survival for married patients. Some studies showed that delayed diagnosis was one of the reasons for poor prognosis in unmarried patients 10, 14 . Spouse might provide social supports and encourage the patients to seek medical treatments 26, 27 . Though there is no information of chemotherapy in the SEER database, in our study, we found that more married patients received surgery with or without radiation than unmarried patients. Cancer patients may suffer from distress, depression and some other psychologic problems 28 . Married patients were reported to suffer less from distress, depression and anxiety than their unmarried counterparts, especially for male patients 29, 30 . Partly because the spouse could share the emotional burden and provide supports to the patients 10 .
The comparison of clinicopathologic features among different marital status showed that patients in the widowed groups had more stage I and well or moderately differentiated tumors. Even with these good prognostic factors, patients in widowed group still ended up with the poorest 5-year CSS. The exact reasons need to be furtherly explored. From our present data, we found that widowed patients were older than patients in other groups. Comparing with the younger patients, elderly gastric cancer patients were reported to have a poorer survival 31, 32 . Meanwhile, some studies showed that excess mortality after the death of a spouse was partly caused by stress 33 . Stress and depression might cause noncompliance to the medical treatment 34, 35 . Compared with female patients, male patients had a slightly better survival, the 5-year CSS was 28.8% vs 28.5%, P = 0.0285. Though the difference was statistically significant, the absolute difference was small. This P value may be caused by the big sample size.
Though marriage showed a significant protective effect in both male and female patients, male patients benefitted more from marriage than female patients did. The same phenomenon was reported by Aizer AA et al. in lung, colorectal, breast, pancreatic, prostate, liver/intrahepatic bile duct, non-Hodgkin lymphoma, head/neck, ovarian as well as esophageal cancer patients 10 . The author explained that maybe unmarried women received greater social support from their relatives, friends, or the community than unmarried men 10 . However, a systematic review and meta-analysis did not confirm the differential effect of marriage in men versus women 20 . As for the gender difference, there was one more point merited discussion. The ratio of male to female was about 2:1 in the whole population which was consistent to the previous reports 36, 37 . However, the ratio of male to female reversed in the widowed subgroup which was about 1:2.28. One of the possible explanations was that the mortality rate was higher among widowers than widows 38 . The loss of social support and the inability to deal with stress might also explain why men suffer from bereavement more than women 33 . In the whole population, male patients had a slightly better survival than female patients. The association between marital status and gender was a complicated issue. Further data are required to support this hypothesis.
From the present knowledge, the benefits of marriage on survival might be mediated through social and psychologic support. It is therefore important for the physicians to screen for depression among gastric adenocarcinoma patients and consider closer observation as well as necessary psychologic support to these patients.
In 2015, Zhou RP et al. had reported that unmarried GC patients, especially widowed patients, were at a high risk of gastric cancer specific survival 15 . Though our present study is not the first study to analyze the survival disparity between married and unmarried gastric cancer patients, we not just replicated their main conclusion. Actually, we made a further analysis to seek out possible explanations for the survival difference. We used data to elucidate that insurance and financial status as well as race/ ethnicity may play important roles in the survival disparity. The another big difference between our present study and Zhou RP's previous report is that we focus on the adenocarcinoma, which is the most common histologic subtype for gastric cancer. While Zhou RP et al. put carcinoid tumor/neuroendocrine, gastrointestinal stromal sarcoma and adenocarcinoma together. Potential limitations of our study should be taken into consideration. Firstly, there may be some other factors that contribute to the survival disparity among different marital status patients, such as chemotherapy. However, data related to chemotherapy are not available in SEER database. Secondly, there is no data about the HP and EBV infection in the SEER database, we cannot make a comparison about infection among different marital status. Finally, the quality of marriage could not be assessed in this study. Since the support and accompany of spouse seem to be responsible for the good survival in married patients, the quality of marriage is an important issue.
In conclusion, we used the SEER database to evaluate the survival disparity of gastric adenocarcinoma patients with different marital status. Our data revealed that married patients had a survival advantage in both male and female patients. The relationship between marriage and survival can be explained hypothetically by psychosocial and socioeconomic factors. We recommend that every subject should have access to best available gastric cancer therapy.
Methods
Database. The SEER database is the largest publicly available cancer dataset. It is a population-based cancer registry across several disparate geographic regions. The SEER research data include cancer incidence and prevalence as well as demographic information tabulated by age, sex, race / ethnicity, year of diagnosis, marital status, insurance, Tumor-Node-Metastasis (TNM) stage and geographic region. The exact dataset we used for this anal- Outcome variables. Variable definitions information on age at diagnosis, sex, year of diagnosis, race/ethnicity, marital status, primary site, tumor grade and differentiation, histology, lymph node involvement, AJCC 6 th TNM stage, insurance status and overall survival were coded and available in SEER database (Appendix S1).
For the Race/Ethnicity, we reclassified the patients into 5 groups: "Caucasian", "African American", "Asian", "Others" and "Unknown".
Patients were classified as married and unmarried. Since the group of "Unmarried or domestic partner" is misleading and we removed this group of patients from analysis. Unmarried patients included single, separated/ divorced and widowed.
Since the AJCC 7 th TNM staging system was released in 2010 and if we used this staging system, there would be no 5 year survival due to insufficient follow up and less patients, so we picked up the AJCC 6 th TNM staging systems. Meanwhile, since the AJCC 6 th TNM staging system was released in 2004, we restricted our study from 2004-2012. Patients were divided into "insured group" and "uninsured group" according to their insurance status.
Patient Population. The study population was based on the SEER cancer registry. We restricted eligibility to adults (aged 18 years or older) who were diagnosed with gastric adenocarcinoma (also including mucinous adenocarcinoma and signet ring cell carcinoma) from 2004 to 2012. We excluded cases without follow-up records (survival time code of 0 months). Patients without record of marital status and TNM stage were also excluded.
Statistical Methods. The patients' demographic and tumor characteristics were summarized with descriptive statistics. Comparisons of categorical variables among different marital status were performed using the Chi square test, and continuous variables were compared using Student's t test. The primary endpoint of this study was 5-year CSS, which was calculated from the date of diagnosis to the date of cancer specific death. Deaths attributed to gastric cancer were treated as events and deaths from other causes were treated as censored observations. Survival function estimation and comparison among different variables were performed using Kaplan-Meier estimates and the log-rank test. The independence of the prognostic effect of the marital status was evaluated by adjusting for other known factors including age at diagnosis and tumor stage. The multivariate Cox proportional hazard model was used to evaluate the hazard ratio (HR) and the 95% CI for all the known prognostic factors, including sex, age, marital status, location, race/ethnicity, time of diagnosis, TNM stage, lymph node removed, histology, grade, insurance status and therapy (Surgery with or without radiotherapy). All of statistical analyses were performed using the Intercooled Stata 13.0 (Stata Corporation, College Station, TX). Statistical significance was set at two-sided P < 0.05.
